Abstract: This work presented a comparative study of the effectiveness of natural coagulant (Moringa oleifera and hydrolyzed cassava) extracts and artificial coagulant (alum) as primary coagulants for sullage from homes and cafeteria at the University of Nigeria, Nsukka. Stock solutions of these coagulants were prepared, and jar test of their varying mixing ratios used to obtain optimum dosages of 200, 30 and 1,000 mg/l for Moringa, alum and cassava respectively. The effects of these optimum dosages were tested against turbidity, pH, BOD, nutrients, hardness and coli form. All tested parameters were significantly sensitive to concentrations of used stock solutions. 100% Moringa seed extract resulted in all the treated parameters (except turbidity) being within tolerable limits. The stock solution of 100% Alum also showed all tested parameters (except pH) to be within the standards for drinking water. The combination of Moringa and alum stock solutions at 50% each (A50M50) showed the overall best result with the resultant water fit for drinking. The result of the comparative test showed that alum with its residual and health implications can be successfully replaced, partially or wholly, with natural coagulants.
PUBLIC INTEREST STATEMENT
The amount of wastewater generated daily in kitchens (homes or restaurants) is enormous amidst acute shortage of potable water in most African countries. The short supply of drinkable water compels people to reuse wastewater without any form of treatment, exposing them to water-related or water-borne diseases. However, the indispensability of water to man's existence on earth necessitates the need for proper treatment. Settling of impurities in water is an important stage of water/wastewater treatment which requires addition of coagulants (artificial or natural). Alum (artificial coagulant) is mostly used in settling water impurities, but it has health concerns when used for long. Natural coagulants (from plants or animal) includes Moringa seed extracts, hydrolyzed cassava, etc. In this work, we replaced artificial coagulants(alum) partially or wholly with more health friendly natural coagulants (Moringa seed extracts and hydrolyzed cassava extracts) in other to encourage cheap and safe treatment/reuse of wastewater.
Introduction
Water occupies about 70% of the earth's space with only 0.4% available for use (Himesh, Rao, & Mahajan, 2000) . The available minute fraction is threatened by over exploitation, poor management and ecological degradation (Jodi, Birnin-Yauri, Yahaya, & Sokoto, 2012) . Growing human activities not only have increased demand for potable water, but have also increased the generation of wastewater (UN Report, 2013) .
Clean water is very essential to human existence, and the unavailability of potable water is the predominant reason for most deaths and diseases. The quality of water according to CDC (2015) is a health concern; water-related and waterborne diseases are responsible for about 80% of diseases in the world. These qualities include but not limited to colour, odour, coli form count, turbidity, nutrients (Renuka, Binayke, & Jadhav, 2013) . Poor sanitation and unsafe water cause 88% of the 4 billion annual cases of diarrhea, resulting in the death of about 1.8 million people per annum. Safe water and hygienic environment can reduce about 94% death cases (World Health Organization, 2007) . It is however important to subject water from every source to varying forms of treatment or purification before consumption, or discharge in the case of wastewater. These forms of purification are aimed at making water potable and attractive. The level of threat water poses determines the choice of treatment to be employed (Ali, Muyibi, Salleh, Salleh, & Alam, 2009 ).
Turbidity and biological contaminations are major reasons for treating surface water, sullage and other wastewater types (McConnachie, Folkard, Mtawali, & Sutherland, 1999) . Before distribution for consumption, raw water is subjected to the following conventional procedures: screening, plain sedimentation, coagulation-flocculation followed by sedimentation, filtration and disinfection (Ndabigengesere & Narasiah, 1998a) . In these processes, coagulants play very vital role in the reduction of water turbidity and removal of other contaminants. Coagulants are divided into artificial and natural coagulants. Natural coagulants include extracts of microorganisms, animal or plant origin (Ganjidoust, Tatsumi, Yamagishi, & Gholian, 1997; Kawamura, 1991; Lee, Lee, Jang, & Lee, 1995) . Examples include Narmali seeds, Moringa seeds, Okra, Cassava, Dutchus lablab, broad beans, flava beans, watermelon, etc. Artificial coagulants, on the other hand, include aluminium sulphate (alum), aluminium chloride and sodium aluminate, ferric sulphate, ferrous sulphate, ferric chloride and ferric chloride sulphate. Others include hydrated lime and magnesium carbonate (Muyibi, Noor, Ong, & Kai, 2001 ).
Alum (aluminium sulphate), has been the most popular for treatment of water and widely used in treatment plants. It has been found to pose some health, economic and environmental problems upon usage, among which are neurological diseases such as percentile dementia and induction of Alzheimer's disease (Martyn et al., 1989) . Sludge produced is also voluminous and non-biodegradable after treatment, leading to increase in cost of treatment. The high cost of chemical importations results in loss of foreign exchange to nations. The effect of most chemical coagulants like Aluminum on the pH of the treated water, attracts extra cost on lime which should be added to buffer its effect (Muyibi, 2005) .
Although the use of plant materials as natural coagulants in the reduction of turbidity in wastewaters, dates to ancient times, there seems to be renewed interest in applying natural coagulants for water treatment in emerging economies (Ndabigengesere & Narasiah, 1998b; Nilanjana, 2005) . Coagulants from natural sources are often seen to be safe for human health (Nilanjana, 2005) . Some natural coagulants have been studied, and are known to have the following advantages: the sludge produced is usually biodegradable, it is virtually toxin-free, relatively cheap to obtain, and locally available (Victoria, 2010) .
Moringa olifera and Cassava are also abundant in the tropics and found to be good coagulants (Adamu, Adie, & Alka, 2014; Prasad & Rao, 2013; Renuka et al., 2013) . The residual elements present in these natural coagulants are within the WHO limits for water treatment; and the sludge from the treatment process is biodegradable (Adamu et al., 2014) . Figure 1 shows the coagulants of interest in this research. Some of these coagulants have been found to have high coagulation activity only for high turbid water, while others are effective in low turbid water (Muyibi & Evison, 1995) .
Though there had been many studies on Moringa oleifera and Manihot palmate separately in comparison to alum as coagulants for domestic wastewater treatment (Adamu et al., 2014; Renuka & Karunyal, 2017) , there is no study on the combined effects of Moringa seed and cassava extracts when compared with alum on sullage treatment. Large amount of sullage is generated from homes and restaurants in most Nigerian cities and other developing climes. There is also an abundance of Cassava and Moringa in the Tropics. This necessitates the need to explore the potentials of combining Cassava and Moringa extracts as substitute for alum. The objective of this study was to meet the increasing demands for potable water by replacing wholly or partly/singularly or in combination the artificial coagulant (alum) with natural coagulants (M. oleifera and M. palmate) at varying doses and ratios in treating sullage generated in homes and cafeterias. In a nutshell, utilizing the efficacies of Moringa seed and cassava (M. palmate) extracts relative to that of alum in treating sullage was studied.
Materials and method

Site description
The experiment was carried out in the University of Nigeria, Nsukka (UNN) with the population size of about 50,000 staff and students. Nsukka is a mixed forest region (tropical rainforest and Guinea savanna), located on latitude 6°51′24″N and longitude 7°23′45″E with average temperature and annual rainfall of 24.9°C and 1,579 mm respectively (CLIMATE-DATA, 2017) . Water scarcity is a constant phenomenon in staff quarters and students' hostels because of low water table and few water bodies in Nsukka. The University has a Students' Centre (Chukwuma Kaduna Nzeogwu Building) which accommodates five big cafeterias with sullage generation capacity of about 22.7 m 3 per day. Wastewater from wash basins and kitchens are centrally collected in several big bowls and subsequently discharged through the sewers daily. Experimental samples of fresh domestic wastewater were collected at the sullage disposal point. The M. oleifera seeds, cassava tubers (M. palmate) and solid crystalline alum (aluminium sulfate) were sourced from the Nsukka local market. Laboratory reagents and other consumables were bought from GeoChem Laboratory, Nsukka ( Figure 2 ).
Design of experiment
The experimental layout was Completely Randomized Design (CRD) with 13 treatments and 3 replications. Statistical software (GenStat Discovery Edition 4.2 and Microsoft Excel 2016) was used for the One-way analysis of variance (ANOVA) and Duncan's multiple range test. The three treatments shown in Table 1 
Sample collection, preparation and set-up
Fresh sullage from the storage bowl was collected before disposal into the sewer with 10-liter container (contaminant free) and stored in a refrigerator at 6°C until usage. The locally sourced raw materials were processed into powdered form. Stock solutions of Moringa and alum were prepared directly some minutes before dosing. For cassava solution, 200 g of the grinded cassava flour was added to 0.3 M HNO 3 , and allowed to stand for 24 h, before washing with distilled water to obtain a pH of 7.1. Fifty grams (50 g) of cassava solution was then dissolved in 1,000 ml of distilled water, and the filtrate used directly (Adamu et al., 2014) . The sullage was then poured into 10 beakers of 250 ml capacity at the Public Health Laboratory of Civil Engineering Department, UNN for jar test. The jar test to determine appropriate/optimum dosage of the coagulants was conducted with different doses of the coagulants. 
Jar test
Out of the ten beakers of 250 ml capacity, nine beakers were filled with 250 mL sullage and labeled according to the dosage of the coagulant added to it, while one beaker of sullage was left without addition of any coagulant and labeled as control. The doses used for the jar test are as shown in Table 2 .
These doses were added to the freshly sourced sullage and stirred vigorously with a magnetic stirrer for 3 min and then slowly for another 5 min. It was then left to settle for about one hour, the clearer of each dosage was picked as optimum for that coagulant.
From these jar test doses, the optimum dose of each of the coagulant was determined and later mixed by percentages as shown in Table 1 for sullage treatment.
Sullage characterization
The following equipment were used for analysis and characterization of both the treated and untreated sullage: Volumetric flask, Pipette, Tall test tube, turbidimeter Water bath, Spectrophotometer (LABATEC, L-10), conical flask, burette, pH meter (HACH Senson 3), Dissolved oxygen metre, incubator (Meanert Germany).
Determination of nutrients
The nutrient component of the wastewater was characterized using methods prescribed by Standard Method for Wastewater examination by APHA and AWWA (2012) while the qualitative inorganic analysis was carried out as described in Vogel (2000) . Back-titration method was used for the determination of nitrogen (nitrate); ascorbic acid method was used in determining phosphorus (phosphate) composition; and EDTA (Ethylene diaamine tetra acetate) method was used in knowing the quantity of calcium in the wastewater before and after treatment.
Determination of biochemical oxygen demand (BOD)
This was done by taking the dissolved oxygen level of the treated water on the 1st day, and on the 5th day using the dissolved oxygen meter. According to United States Environmental Protection Agency (2012), the difference in the two levels gives an estimate of the BOD.
where BOD 5 is the five-day biochemical oxygen demand; D 1 is the initial dissolved oxygen; D 2 is the final dissolved oxygen level after five days.
Coliform count
As outlined in APHA and AWWA (2012), Multiple Tube Fermentation technique was used to statistically determine the number of coliform bacteria in a known volume of the wastewater sample. A threefold dilution series was prepared for each sample using Lauryl Tryptose Broth (LTB) tubes for the presumptive test and Brilliant Green Bile broth (BGB) for theconfirmatory test. After incubation at 37°C for 12-48 ± 3 h, the pattern of positives and negatives were noted and a standardized MPN table consulted to determine the most probable number of organisms (causing the positive results) per 100 mL of each of the effluent samples.
(1) 
Determination of other parameters
The temperature of waste samples was measured using thermometer at room temperature. With the aid of an electronic pH meter (HACH Senson 3), the pH of waste samples was determined. Also, a portable turbidimeter was used to show the turbidity level of waste samples.
Result and discussion
The physicochemical characteristics of sullage such as turbidity, pH, BOD, Phosphorus, Nitrogen, Calcium, hardness, Coliform were measured. The experiments were run in triplicates and the obtained results are reproducible. The mean concentrations of chemical properties for the treatments are presented in Table 3 and on Figure 4 . The ANOVA results for the measured sullage properties after treatment using CRD are presented in Tables 3 and 4 .
Turbidity
In Table 3 , the turbidity results of optimum doses from different mixing ratios (in percentage) of the coagulants after the jar test are shown. The varying mixing ratios were used to obtain optimum dosages of 200 mg/l for Moringa, 30 mg/l for alum and 1,000 mg/l for cassava. The turbidity values were obtained about two hours after the treated samples were left undisturbed and then decanted. After the introduction of coagulants, Adamu et al. (2014) suggested that layer compression and adsorption as well as neutralization of charged particle by other charged particles results in cleaving, settling and formation of precipitates during coagulation. From Table 3 above, it was observed that A100 and A50M50 had the best results at 96 and 95% turbidity reduction level respectively, which are within the World Health Organization (2017) standards for drinking water. M100 reduced turbidity in sampled sullage by 91%, which is consistent with Ndabigengesere and Narasiah (1998a) whose report showed that turbidity was reduced by 89.2%. Rodríguez-Núñez et al. (2012) also recorded 88.9% on water samples with an initial turbidity of 118 NTU, using a dosage of 250 mg/l. The C70M30 had the least reduction in turbidity from 102.5 to 57 NTU. The limitation in turbidity removal recorded in moringa confirmed that it is less effective at treating water with low levels of turbidity (Prasad & Rao, 2013) . Similarly, low level of turbidity and high pH may be responsible for the low turbidity removal in all cassava ratio (Adamu et al., 2014) . The turbidity results of all samples were statistically different at 95% probability level. Table 3 shows the variation in pH values as a function of coagulant dosages. It was observed that sample A100 gave the lowest pH value of 6.2. This, according to Muyibi (2005) , is caused by the reaction of alum with natural alkalinity present in the water. This result was in sync with that of Ndabigengesere, Narasiah, and Talbot (1995) which showed that Alum causes the pH to decrease rapidly. pH of A100 when compared (Figure 4) is not within the World Health Organization (2017) and Nigerian Industrial Standard (2007) water standards which recommended limits between 6.5 and 8.5. Additional treatment is therefore required to correct and lower the pH by using calcium hydroxide or lime. There is no significant difference in the mean values of M100, Control and C70M30 at 6.8; C100 and M50C50 at 6.9 and M70A30 and C50A50. Others, M70C30, C70A30, A100, A70M30, A70C30 and A50M50 at 7.1, 7.3, 6.2, 6.5, 6.6 and 7.2 respectively are significantly different at 95% probability level. Moringa and cassava doses need no pH adjustment, but the low pH resulting from the use of alum can be remediated by the addition of alkali like lime or sodium hydroxide if water alkalinity is not high already (Ndabigengesere et al.,1995) . However, while the high pH in cassava doses is a cost saving measure, it is contrary to the report of Adamu et al. (2014) which suggested that coagulation processes are dependent on pH values and that low pH of hydrolyzed cassava extracts enables more coagulation. Hence leaving the cassava extracts more acidic ensures lower pH which in turn improves its coagulating abilities.
pH
BOD 5
The initial BOD 5 was low at 5.2 mg/l, but was still outside the standard range of 5 mg/l (World Health Organization, 2017). All the treatments of Moringa, alum and cassava (in combination or singularly) reduced further the initial BOD after treatment. BOD measures the level of demand for oxygen by micro-organisms in the sample for the stabilization of the organic matter therein (Penn, Pauer, & Mihelcic, 2009 ). In accordance with previous works, 50% of BOD could be reduced by treating with moringa seed cake (Folkard & Sutherland, 2001 ). This shows that seed cake of moringa has noticeable effect on BOD. Unlike Sajidu, Henry, Kwamdera, and Mataka (2005) who reported no alternation on BOD value after the treatment, BOD value was reduced from 5.2 to 2.3 mg/L. This was consistent with results obtained in Shan, Mater, Makky, and Ali (2016) and the conclusions of Folkard and Sutherland (2001) . High BOD noticed in various combinations of cassava and moringa may be because cassava and moringa are organic compounds, with tendencies of increasing the organic content of the wastewater hence causing BOD to rise (Adamu et al., 2014) . All the results after treatment were within the World Health Organization (2017) standards for drinking water. The highest reduction was recorded in A70C30, while A50M50 and C70A50 showed the lowest reduction value.
Nutrient analysis
Phosphorus and nitrogen are nutrients needed for plant growth. Where the levels of these elements are much in the treated water, there will be a tendency for algae growth during storage, making the water aesthetically displeasing. It is obvious that nitrates must be limited in drinking water to avoid the risk of methaemoglobinaemia in infants (United States Environmental Protection Agency, 2012). Table 3 gives the values of the nutrient (P and N) content of the treated water samples. The control (no coagulant) recorded the highest values of N and P at 15.4 and 1.56 mg/l respectively. This can be traced to the food items found in the waste as it was gotten from a domestic source (kitchen). The levels of the nutrients dropped for all treated samples and are all within the World Health Organization (2017) allowable limit for drinking water, unlike what Ndabigengesere and Narasiah (1998a) reported that nutrient was not successfully removed by Moringa extracts. In the phosphorus result obtained, M70C30 and M50C50 were statistically the same at 0.105 mg/l, C100 and C70M30 with the value of 0.054 ± 0.001 mg/l which has no significant difference at p < 0.05 levels. The nitrogen composition in Table 3 shows that M100 and M70A30; M70C30, C100, C70A30 and A70C30; C70M30 and A70M30; C50A50, A70C30 and A50M50 are statistically the same respectively. It was noticed that the mixtures containing Moringa gave higher values than others. This can be attributed to the fact that Moringa seeds contain proteins with Nitrogen and Phosphorus as its major constituents (Michael, 2014) . The nutrient content of the treated water when reused should be taken into consideration to avoid the effect of algae boom which may occur if the values of N and P are high (United States Environmental Protection Agency, 2012).
Hardness analysis
Calcium levels in drinking water have no fixed value according to Nigerian Industrial Standard (2007) standards. In the US and Canada, the values ranged from 1 to 135 mg/l with an average of 21.8 mg/l, and inadequate intake of this element has been implicated for osteoporosis and bone deficiency (Simon, Esteban, Basil, & Joseph, 2006) . The other aspect of calcium importance is in the hardness of water, which is the level of CaCO 3 in the water. To obtain the level of CaCO 3 , the value of Ca is divided by 0.4 (Simon et al., 2006) , which is the mass ratio of Ca alone in the compound. Table 3 gives the level of Ca and CaCO 3 in the water samples analyzed. For Ca, M70A30 and A100 are statistically the same, but all other results of Ca and CaCO 3 are significantly different at p < 0.05 probability level. From Figure 4 , apart from the control, mixtures containing Moringa gave relatively higher values of calcium, though the levels in all the treated water were within the standard classified as soft water (World Health Organization, 2017) , while that of the untreated fell into the range of slightly hard (Sharon & Bruce, 2009) . Sample C100 showed lowest value for both Ca and CaC0 3 . This result was in agreement with the report of Muyibi and Evison (1995a) and Adamu et al. (2014) that M. oleifera and cassava extracts are capable of softening hard water, but at variance with the result obtained by Ndabigengesere and Narasiah (1998b) which reported increase in hardness. The implication of this is that they would not consume much soap before lather formation if used for washing or cleaning purposes, unlike when the untreated is used.
Microbial analysis
Aside the removal of turbidity, Moringa and Cassava extracts also possesses antimicrobial properties. As shown in Figure 4 , all ratios gave very good reduction in the level of Coliform to between 90 and 98.5%. M100, A100 and A50M50, reducing the coliform count from 200 cfu/100 ml by 97.5, 98.5 and 97.5% respectively. These results gave acceptable range of 0-5 cfu/100 ml which agreed with World Health Organization (2017) Table  3 shows results of a comparative performance of all samples under the same condition which achieved 91.5-98.5% coliform reduction. It was observed that A70C30 and A70M30; M100 and A50M50 are statistically the same at p < 0.05 confidence level. In all, Alum (singularly or in combination) performed better than other coagulants considered. This however beckons for further disinfection with higher concentrations of Moringa extract as recommended in Yousif, Elamin, Ali, and Sulieman (2013) to achieve enhancement as well as avoid recontamination of treated water where applicable.
Conclusion
Coagulants from M. oleifera and M. palmate (cassava) were successfully extracted and tested at different ratios and doses in comparison with the alum solution singularly or in combination with each other. All coagulants tested reduced all the tested parameters considerably. Although the results of combining Cassava and Moringa at varying ratios did not meet most of the WHO standards, they all showed high potentials.
Alum alone (A100) achieved reduction of the other parameters, but increased acidity of the treated water and sludge. In the case of Moringa seed extract alone (M100), all other parameters were brought within WHO tolerable level with less sludge except turbidity. Combining the advantages of both Moringa and Alum (A50M50) yielded overall best results with all parameters within WHO drinking water standards and ultimately enabling reusability of sullage. This combination minimizes negative impacts of alum on the environment with respect to the production of non-biodegradable sludge after treatment and its residual effect on treated water.
It is further recommended that increased doses of cassava, Moringa and other natural coagulants as well as varying ratios be studied with a view to isolating the bioactive ingredients from these natural coagulants at much cheaper cost than what is obtainable presently to attract usage at a larger scale water and water treatment.
